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19 August 1997

Dear Colleagues:

In February of this year, the Committee of Earth Observation Satellites (CEOS) instituted a process to plan six pilot
projects that have the potential to form a foundation for an International Global Observing Strategy. The
accompanying document is a framework for one of those projects, Global Observations of Forest Cover (GOFC). Itis
a result of a workshop held in Ottawa, Canada, on July 7-10, and subsequently revised and edited according to
comments received from workshop participants. The report accompanies this email in two attachments, one in Word
for Windows format and the other in Word for the Macintosh.

We are sending this report out for broad review by key representatives of potential scientific, operational, and policy
users of forest cover information. We would greatly appreciate your and your colleagues’ feedback with respect to
the overall goals and objectives of GOFC, the proposed data products, the potential user communities, and the
technical feasibility and realism of achieving the goals within our five-year window. Comments related to the potential
uses that you and your organization may have for GOFC data and products are as important to us at this stage as
comments on technical matters.

The next stage for the GOFC pilot project will be to respond to any reviews received within the next month, and to be
presented to the CEOS Strategic Implementation Team (SIT) in Oxford, UK, at the end of September. Assuming that
GOFC is viewed to be on target, final approval of the pilot project will be considered by the CEOS Plenary in
Toulouse in November.

Please feel free to redistribute this letter and the GOFC document to colleagues whose insights might be useful to
the project team, and who might find the concept interesting. Comments received before mid-September will be most
useful in preparing for the SIT meeting. Comments received afterwards can be considered in preparing for the CEOS
Plenary, and in subsequent GOFC plans. The GOFC report and this letter have also been posted on the NASA
Land-Cover and Land-Use Change Program home page (http://Icluc.gecp.virginia.edu/).

Comments may be returned directly to the editors of the Workshop Report, Dr. Anthony C. Janetos of NASA and Dr.
Frank Ahern of CCRS. Please be so kind as to copy both. We thank you in advance for your time and interest.

Sincerely,

Anthony C. Janetos Frank Ahern

Missionto Planet Earth Research Scientist

NASA Canada Centre for Remote Sensing

email: Anthony.Janetos@hqg.nasa.gov email: frank.ahern@ccrs.nrcan.gc.ca

IGBP Secretariat: Chris Rapley

IGBP Land-Use and Land-Cover Change (LUCC): David Skole

IGBP Global Change and Terrestrial Ecosystems (GCTE): lan Noble

IGBP Biospheric Aspects of the Hydrologic Cycle (BAHC): Pavel Kabat

IGBP Global Analysis and Integrative Modeling (GAIM): Berrien Moore, 11|

IGBP Data and Information Systems (IGBP-DIS): Jean-Paul Malingreau

Global Climate Observing System (GCOS): John Townshend

Global Terrestrial Observing System (GTOS): Michael Glantz

World Bank Environment Department: Robert Watson

IPCC: Robert Watson

IPCC Working Group II: Richard Moss

Biodiversity Convention Secretariat: Calestous Juma

Framework Convention for Climate Change Secretariat: Michael Zammit-Cutajar

NASA Land-Cover and Land-Use Change Program: Tony Janetos and Science Team Members
US Forest Service: William Sommers

US Global Change Research Program: Robert Corell, Ecosystems Working Group

US National Research Committee Ecology Panel: David Policansky

NASA EOS Program and Project Science: Ghassem Asrar and Michael King

NASA Mission to Planet Earth: William Townsend, Mike Luther, Lisa Shaffer, Robert Schiffer, Science Division
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Executive Summary

The CEOS Pilot Project on Global Observations of Forest Cover (GOFC) is defined. Six objectives
are identified that satisfy the goals of the CEOS Pilot Projects, as defined by the CEOS Strategic
Implementation Team (SIT). The six goals are:

(1) Produce high quality, multi-resolution, multi-temporal global data sets and derived
products of forest cover and attributes;

(2) with particular attention to areas of rapid change and fragmentation;
(3) to be repeated for quantitative analysis of subdecadal variation;
(4) with associated regional applications and methodological investigations;

(5) for the benefit of multiple user communities;



(6) and ultimate transition to routine operational use.

GOFC will make maximum use of existing capabilities within the CEOS partners and affiliates. It will
require additional coordination among the CEOS partners for acquisition and analytical capabilities.

A suite of potential products is defined, ranging from the actual underlying satellite data to derived
products that have been defined in publications from the potential user communities. Further
consultations with a variety of potential user communities will be required, to ensure that a
maximally efficient allocation of resources can be achieved.

Three phases of GOFC are proposed: (1) a Design Phase, in which specific technical details of
acquisition, processing, and analysis are worked out, and in which further consultation with user
and operational communities are pursued; (2) a Prototype Phase, in which implementation begins,
regional experiments are pursued, and the first set of experimental products are produced; and (3)
an Execution Phase, in which the production and distribution of final products is achieved with new
acquisitions from Earth observation sensors.

These phases then are followed by an evaluation period. The ultimate transition to operational
status is planned from the beginning of the project.
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I. Introduction

Two of the most crucial roles of the Committee on Earth Observation Satellites (CEOS) are
promoting the use of Earth observation data to improve the quality of life on earth, and increasing
coordination and reducing duplication of the satellite programs of the member states. At its 1995
plenary meeting in Montreal, Canada, CEOS recognized the need to establish a strategic
framework to determine and assess the data and information requirements for satellite-based Earth
observations, and for facilitating the transition to routine operation of those research systems which
have proven most useful. The plenary also recognized the need to improve the coordination of the
space-based and in situ components of Earth observations, and to increase the terrestrial benefits
of the Earth-observation data already being collected (Shaffer, 1996). In response to the
requirements identified at the Montreal plenary, a working group to discuss an Integrated Global
Observing Strategy (IGOS) was convened in March, 1996. This group recognized that the most
effective means to accomnlish its mandated ohiectives wotild be to identifv nilot nroiects dealina



with key areas of earth observations, and recommended the establishment of a Strategic
Implementation Team (SIT) to select pilot projects and an Analysis Group (AG) to coordinate the
requirements of the pilot projects and to ensure good coordination between producers and users of
earth-observation data (Shaffer, 1997). The general goals of the pilot projects have been identified
by the SIT:

(2)Provide a framework for a coherent set of user requirements so that providers can respond to
them.

(2) Reduce unnecessary duplication of observations.
(3) Assist in the improved allocation of resources among different types of observation systems.

(4) Make possible the creation of improved higher level products by facilitating the integration of
multiple data sets from different agencies, national, and international organizations.

(5) Provide a framework for decisions on continuity and spatial comprehensiveness of key
observations.

(6) Identify situations where existing international arrangements do not exist for the management
and distribution of key global observations and products.

(7) Assist in the transitioning of systems from research to operational status through improved
international cooperation.

(8) Provide improved understanding for Governments on the need for global observation through
the presentation of an overarching view of their capabilities and limitations.

SIT held its first meeting in Irvine, California, in February, 1997. The attendees identified six pilot
projects of vital importance, whose execution is expected to advance the CEOS objectives stated
above. The Canadian Space Agency (CSA) and the Canada Centre for Remote Sensing (CCRS)
agreed to co-lead a pilot project on Global Observations of Forest Cover (GOFC), with the U.S.
National Aeronautics and Space Administration (NASA) agreeing to play a strong supporting role
(Guertin, 1997).

Recognizing its potential importance to a wide spectrum of users, this program was subscribed to
by numerous space agencies including CSA/CCRS, NASA, ESA, INPE, CNES, EUMETSAT,
NASDA, and ASI. It has also been endorsed by representatives of GTOS, GCOS, TOPC, EC, and
FAO. However, a program of global observations of forest cover is also recognized as very
challenging, requiring coordination of acquisition and analysis of data from satellites from many
nations operating in the visible, infrared, and microwave regions of the spectrum. It also requires
considerable input of in situ data and local knowledge of land cover characteristics. Ultimately, the
GOFC is envisioned to lead to a routine operational capability for the observation of changes in
global forest cover and its attributes.

Il. Objectives of the Pilot Project on Global Observations of Forest Cover

As a contribution to the implementation of an ongoing global forest monitoring system that will meet
specific needs of international conventions, global observing systems, national institutions, and
supporting research, GOFC will

(1) Produce hiah aualitv. multi-resolution. multi-temnoral alobal data sets and derived



products of forest cover and attributes;

(2) with particular attention to areas of rapid change and fragmentation;

(3) to be repeated for quantitative analysis of subdecadal variation;

(4) with associated regional applications and methodological investigations;
(5) for the benefit of multiple user communities;

(6) and ultimate transition to routine operational use.

These six objectives will enable the Pilot Project to conduct an end-to-end test of many aspects of
the space-based observational systems (including data systems) that will be required for an
operational IGOS. It will also enable the CEOS partners to evaluate how their space-based
observations can effectively be coupled to in situ data, and how data products can be provided
effectively to several important user communities.

lll. Scientific, Policy, and Resource Management Needs

The potential user community is extremely diverse. In many ways, the GOFC must assist
communities of users in extracting the maximum information available from remotely sensed data,
and from its combination with in situ data. Likewise, the various communities of users themselves
can provide essential guidance to the GOFC to focus on those products and data sets that are of
the most benefit to them, in order to guide the efficient allocation of resources, and prepare most
effectively for the transition to operational status. It will be critical in both respects to build on those
programs that already exist for the production and analysis of data on forest cover and attributes.
There is an explicit desire to learn from the vast experience available in the remote sensing, in situ,
research, and operational communities.

A. Issues

(1) Global Change. There are three pathways of relevance for global change and forest lands with
implications for the CEOS project. The first is the interaction of forests and the atmosphere:
regulation of the hydrologic cycle and energy budget, with implications for weather and climate
prediction. Understanding these interactions is a crucial part of the global change science agenda.
The second is both a scientific and policy issue: the implications of changes in forest land for the
atmospheric carbon dioxide budget. Are forested lands net sources of carbon or net sinks of
carbon? What are the rates of deforestation and reforestation? What are the implications of
changes in fire frequency? The third pathway is the potential impacts of climate change: what effect
will changes in temperature, precipitation, and concentrations of carbon dioxide and other
radiatively active gases have on forest composition, health, and distribution, and therefore on the
economic activity that are generated by forested lands? What feedbacks might these changes have
to the climate system itself?

(2) Biodiversity. Concern over the rapid, human-driven loss of biodiversity worldwide is rapidly
mounting. The extent and condition of forested lands are central issues to the preservation and
sustainable use of biodiversity. Both forest loss and forest fragmentation have been implicated in
losses of biodiversity by the scientific community. On the other hand, many national programs for
sustainable forest management are now incorporating biodiversity as one of the attributes to be
enhanced and maintained.

(R) Timber. fiiel. and fihre. For centuries. hiiman societv has denended criticallv on the contintied



supply of wood and fiber (primarily for making paper) from forest land. Many societies have
declined after depleting their forest resources. The twentieth century has produced substantial
improvements in the efficiency of production of wood and fiber from forests. Increasing populations
and increasing literacy and affluence in the twenty-first century will continue to put increasing
demands on the forests of the world. Continued improvements in management will be necessary to
meet these demands without depleting the forest resource.

(4) Watershed Protection. Forested areas and other wooded lands play a crucial role for terrestrial
hydrological systems. These areas constitute the most important buffer zones for both run-off and
infiltration to ground water reserves. The actual location and size of forests in relation to the
watershed often determines the run-off fraction of the precipitation and becomes the dominant
factor in flood and erosion prevention. A close monitoring of forests in relation to the hydrographic
network thus becomes a critical issue in physical planning, landscape planning, and environmental
protection in all regions of the world.

(5) Recreation and Tourism. Forests provide habitat for wildlife, and opportunities for recreation and
tourism. In many countries, the direct economic return from these activities approaches the return
from extraction of wood and fibre. Many other countries want to increase the benefits they derive
from recreation and tourism. Information obtained from Earth observation data can aid in the
strategic planning for recreation and tourism in forested areas.

(6) Sustainable Forest Management. Sustainable forest management has become an extremely
important philosophy, along with ecosystem management, to guide the plans of land-managers
(both public and private) for the use of forested lands over the next several decades. Sustainable
forest management recognizes the multiple benefits provided by forests, and strives to respond to
the needs and wants of the multiple stakeholders who benefit from the forest, while conserving its
resources so future generations can also benefit from the forest. Earth observation data, in
conjunction with geographic information systems, provides exciting new opportunities to engage a
broad spectrum of stakeholders in long-term forest management planning.

B. User Communities

TheGOFC planning group has identified several policy-level issues and potential user communities
that together provide the core set of requirements for data sets, derived products, and subsequent
analyses. Table 1 illustrates those user communities that have clearly articulated their
observational requirements for forest information. Table 2 shows with more specificity the type of
products that each community requires.

Table 1: Status of Requirements for Issues and User Communities

Issues

Global Change Biodiversity Forest Health Sustainable
and Resources Forest
Management

User Communities
Scientific Community X (X) Y Y

International Fnvironmental (X) (X) (Y) (Y)



Conventions and Agreements

International Policy and X (Y) X X
Operational Institutions

National Institutions X (X) X X

Key

X: Published requirement statements

(X): Relevance clear from published documentation of issues
Y: Requirements published on national and regional levels

(Y): Requirements in early stages of development

Table 2: Core Requirements of Major Users

GCOS International Other National
and Conventions Science |IPCC |International Users
GTOS Users
Baseline land X X X . X X
cover
Land cover X X X . X X
change
Land cover
coarse X X X X
resolution
Net Primary X X X X TBD X
Productivity
Biomass X . X X X X
Fires X X X X [TBD X
Harvest X X . X X X

(1) Scientific Community. The International Geosphere-Biosphere Programme (IGBP) and World
Climate Research Programme (WCRP) have each articulated clearly the urgent need for
comprehensive, spatially explicit, global data sets on forest cover and attributes. Several projects in
the International Geosphere-Biosphere Program (IGBP) and the World Climate Research Program
(WCRP) require information on global forests. The IGBP Land Use and Cover Change (LUCC)
project has critical needs for high-resolution information on land cover and change. Information on
biomass, fires, net primary productivity and land cover change is essential for the the IGBP
International Global Atmospheric Chemistry (IGAC) project . The IGBP project on Global Change
and Terrestrial Ecosystems has strong requirements for land cover, land cover change, leaf area

index (LAI), and net primary productivity (NPP) data sets. The Biospheric Aspects of the
Hvdroloaical Cvele (RAHC) nroiect has essential needs for land cover. hiomass. | Al and NPP data




sets. The Global Eenrgy and Water Cycle Experiment (GEWEX) has essential requirements for
several forest data sets including land cover and cover change, LAI, biomass, and fires. Several
Framework Activities (IGBP Global Analysis and Integrative Modeling, IGBP-Data and Information
System, ISLSCP Initiative Il) have especially strong scientific requirements for such forestry data.
Furthermore, numerous regional programs such as the Amazon LBA, the European FIRS, and
others have essential requirements for most of the above mentioned data sets. Individual national
scientific programs, such as the US Global Change Research Program, and the Canadian Global
Change Program share these requirements, and place a high priority on the production of such
data sets.

(2) International Environmental Conventions and Agreements. The major conventions concerned
with global forests are the Convention on Biodiversity, on Climate Change, and on Desertification.
Their core information needs are those quantifying major changes in the distribution and function of
forests over time. Some of these can be met with Earth observation data, and are in general
consistent with those discussed below for the GxOS’s. The Framework Convention for Climate
Change, the Biodiversity Convention, the Forest Principles agreed to at UNCED, the Helsinki
process, and many others all have a shared need for information on global forests. This need is
most explicit in the scientific assessments that are either part of the Conventions and other
instruments themselves, as in IPCC, or have been commissioned independently of them, as in the
Global Biodiversity Assessment. The specific national requirements of the FCCC for the
development and monitoring of national emissions inventories, and the international discussions of
carbon trading, will require accurate and replicable assessments of forest cover at both national
and international levels. The reporting requirements of the Biodiversity Convention for assessing
national biodiversity and habitat, likewise require accurate information on forest cover,
fragmentation, and change.

(3) International Policy and Operational Institutions. The Global Observing Systems incorporate
scientific, operational, and policy-level concerns at both international and national levels. They have
already indicated their strong need for global forest cover information and information on forest
attributes, primarily through the report of the Terrestrial Observations Panel for Climate (TOPC), a
joint GCOS-GTOS activity. The Global Terrestrial Observing System (GTOS) and the Global
Climate Observing System (GCOS) are the major clients in this area (GCOS 32). GTOS requires
detailed land cover and land cover change information for many purposes, including the
assessment of land use and its impact on the natural ecosystems. Information on forest harvest is
also an important input in this process. GCOS requires information on land cover (coarse
resolution) for GCM modeling and model validation; for carbon, water, and energy modeling; and
for the assessment of climate impact. Both GCOS and GTOS require information on net primary
productivity as a fundamental parameter linking the terrestrial and the atmospheric systems on the
one hand, and the natural and economic systems on the other. Both also require knowledge of
forest biomass and fires as major parameters that quantify the distribution of the economically
valuable timber and the effect of major disturbance agents.

In addition, organizations such as FAO, UNEP, and UNDP each have strong requirements for
global, regional and national-level information on forests and forest resources that the CEOS pilot
project can help provide.

(4) National Institutions. Countries are interested in their forests because of the value of the forests
for their economies and because of the environmental values of forests, both nationally and
internationally. Some countries are increasingly concerned about the impact of the environmental
movement on the economic utilization of the forest resource, and for this and other reasons have
begun to actively pursue initiatives aimed at tacking and reporting on the forest condition and
changes in their countries. Land cover, cover change and biomass are fundamental ‘state’
attributes for this purpose. Net primary productivity, harvest and fires are the most ubiquitous
chanae anents at the alobal level. Damane hv insects and disease. and variolis forms of nollution




are often important nationally and locally. It should be noted that the degree to which a global
product meets the needs of individual countries will vary depending on the information sought. For
example, the global products for fires, biomass, net primary productivity and land cover at coarse
resolution are more likely to meet the needs of individual countries than those for detailed land
cover or land cover change. This distinction suggests various possible mechanisms for
collaboration between the global project and individual countries, including a contribution to product
development and validation, the development of new, more detailed or tailored products to meet
the specific national needs, and technology transfer and capacity building.

Many national-level forestry ministries and environmental ministries are in the midst of planning
efforts to transition from management of forested lands with the primary goal of timber production to
sustainable management of forest resources, combining production of forest products with
watershed protection, tourism, recreation, and other non-exploitative uses. In addition, the
proliferation of international agreements with implications for forests has created new pressures on
national institutions to respond with accurate and timely information. Regionally, countries whose
forests contribute substantially to the national economy are cooperating to develop criteria and
indicators of sustainable forest management.

C. Satisfying Requirements

It is important to note that while the CEOS pilot project perceives that these issues and user
communities will find the products to be important, it cannot expect to satisfy all the demands of all
potential users. Instead, there is a core set of requirements that can be substantially fulfilled by the
products we have outlined. Other requirements can be addressed, but may not be completely
fulfilled by the first set of planned products. However, we leave open the option of further activities
in a later phase to define new sets of products that might satisfy additional requirements.

All of the users identified above are generally non-commercial scientific and educational
organizations, or governmental or intergovernmental organizations dedicated to the public good.
We also clearly anticipate that there may be commercial interests in the Pilot Project outcomes as
well. Therefore, it is important to emphasize the expectation that derived products from the Pilot
Project will be widely accessible and available without discrimination.

It is also clear that many users may wish to derive their own, tailored products from the underlying
data used in the Pilot Project. The existing CEOS principles for non-discriminatory access to data
should enable all users to search well-organized Pilot Project archives. The Pilot Project will seek to
work with data providers to ensure that all data used in the project are organized in such a fashion
that they can be accessed and distributed according to the national policies that govern their use.

IV. The Current Experience Base

Over the past ten years, the remote sensing community has developed an impressive array of
projects dealing with global, regional, and local forest-related issues. Projects have been
implemented in North America, Europe, Asia, and South America that have examined such issues
as tropical deforestation, forest cover mapping, forest health and vigour, and the extent of
inundated forest. As a result, there is a broad spectrum of lessons to be learned for the planning
and implementation of the Pilot Project.

A. Existing Programs and Data Sets

The approach adopted is to build on existing national and international programs and activities.
Around the world, experts have been building the scientific, technical, and procedural
underninninas for a forest cover chanae monitorina svstem throtiah ioint snace aacencyv initiatives.



The Ottawa workshop recognized that some of the components of the program already exist.
Rather than duplicate such efforts, wherever possible, the approach would be to integrate these
existing studies into a broader programmatic framework.

(1) World Forest Watch. The World Forest Watch Meeting held in S&o José dos Campos, Brazil
(June 1992) provided an initial high-level international forum for the assessment of current
approaches to satellite-based monitoring. This meeting also served as a basis for forwarding
recommendations from the technical and scientific communities to the policy makers and
government leaders at UNCED. A variety of international participants were represented at the
World Forest Watch Conference. The conference concluded that significant technical and
methodological advancements have been made in recent years, and they are now sufficient for
proceeding with an observation system which could satisfy both scientific and national-level forest
management requirements. One important outcome was the Panamazonia Project, in which Brazil
shared its proven technology for mapping deforestation in the Amazon region with its neighbors
who share the Amazon Basin. These countries were subsequently able to produce deforestation
(Martini, 19?7?).

(2) Landsat Pathfinder. NASA, in conjunction with the EPA and USGS, began a prototype
procedure for using large amounts of high resolution satellite imagery to map the rate of tropical
deforestation, one of the most important land cover changes. This activity, called the Landsat
Pathfinder Project, builds on experience gained during a proof-of-concept exercise as part of
NASA's contribution to the International Space Year/World Forest Watch Project. It focused initially
on the Brazilian Amazon, and has been expanded as part of NASA's Earth Observing System
activities to cover other regions of the humid tropical forests.

This project has succeeded in demonstrating how to develop wall-to-wall maps of forest conversion
and re-growth. The project is now in the process of extending its initial proof-of-concept to a large-
area experiment across Central Africa, Southeast Asia and the entire Amazon Basin. The project is
acquiring several thousand Landsat scenes at three points in time -- mid 1970s, mid 1980s, and
mid 1990s -- to compile a comprehensive inventory of deforestation and secondary growth to
support global carbon cycle models. Methodology and procedures have been identified. Although
this exercise is being implemented for most of the tropics, it is not an operational global program. In
principle, it provides an initial large-scale prototype of an operation program.

(3) TREES. The TRopical Ecosystem Environment Observations by Satellites (TREES) project is
currently being implemented as a demonstration of the feasibility of applying space observation
techniques to monitoring of land cover and biomass burning. This project, being sponsored by the
European Commission and executed by the Space Applications Institute of the Joint Research
Centre (Ispra, Italy), utilizes global coverage with coarse resolution sensor systems such as the
AVHRR, supplemented with data from the ERS-1 SAR. It also focuses on the use of thermal
sensors for the detection of fires, and incorporates other indicators of deforestation. The project
uses these data in conjunction with sample higher spatial resolution data from a range of space
Sensors.

The Landsat Pathfinder Project and the TREES Project demonstrate the ready feasibility of
developing a global land cover monitoring system for the tropical forests. Coverage of tropical
forests must be a paramount objective of any program focused on obtaining improved estimates of
emissions of carbon dioxide since 90% of the current biogenic emissions come from tropical forest
regions.

(4) IGBP 1 km Land Cover Mapping Project. In conjunction with NOAA and the USGS, NASA has
been supporting an IGBP project to acquire global, daily coverage with the AVHRR sensor at 1 km
resolution. This project is the first of its kind to acquire global, daily coverage. The resultant dataset
is beina nrocessed at the FROS Data Center and nrovides the hasis for mannina land cover.




vegetation phenology, and fires. As part of a land-cover mapping exercise, this project will also
develop a multi-level set of land cover maps ranging in spatial resolution from 1 degree down to 2
km.

(5) IGBP High Resolution Data Set. The IGBP has also initiated a project to make high resolution
data available to the global change research community through cooperation with CEOS. This
project is being initiated as a pilot study to make available each year several hundred individual
scenes from SPOT, Landsat , ERS-1, MOS-1, JERS-OPS, and IRS. The project is also preparing a
centralized archive system in which users can mount an inquiry for data from all of the
aforementioned platforms from one point.

Participation in international programs has been found to be a successful means for implementing
international research and collaboration. Participation by scientists in the IGBP, WCRP and IHDP
has proven to be effective in mobilizing the international research and monitoring community. The
new joint core project of the IGBP and IHDP on Land Use and Land Cover Change (LUCC) could
greatly benefit the proposed program (IGBP 1993). Similarly, the IGBP Global Land Cover Program
(IGBP 1992) is a good example of potential international collaboration geared towards the
generation of global land cover data. The NASA/ESA/USGS/IGBP Global 1km AVHRR data base is
a good example of internationally coordinated data acquisition.

(6) FAO Forest Resource Assessment. The FAO Forest Resource Assessment for the 1990 period
(FRA-90) used a combination of earth observation data and national statistics to derive statistics
about forest cover for the 1990 datum, and forest cover change for the period 1980 to 1990. For
tropical forests, FAO developed a technique called the Interdependent Interpretation Procedure,
which relied primarily on a two-date interpretation of large scale photographic prints of full Landsat
scenes. Using training centres in Latin America, Africa, and Asia, FAO was able to train local
interpreters and obtain consistent results. The resulting change classes also allowed FAO to
estimate transitions between several woody biomass categories for Africa, Latin America, and Asia
(FAO, 1996). The FAO Forest Resource Assessment Project provides an important interface to the
national forest monitoring communities. Such projects can benefit from the proposed program as
well as help the program.

(7) GAP Analysis Project. The GAP Analysis Project is a land cover mapping project being carried
by several consortia of U. S. federal and state agencies, led by the U.S. Geological Survey. The
purpose is to infer wildlife habitat from land cover, and identify habitats in not adequately
represented in conservation lands. The project has obtained a large amount of valuable experience
in catalyzing inter-institutional cooperation, and in processing and classifying large volumes of
Landsat data according to varying standards developed by user agencies.

(8) Multi-resolution Land Cover Characterization. A good example of a regional /continental scale
land cover mapping study is the recently completed USFS /USGS US Forest Cover Map. This map
was produced using the 1km AVHRR data set generated by Loveland (1992). A similar effort is
being undertaken in Mexico with the help of in-country collaborators. An Interagency Multi-
Resolution Land Cover Characterization (MRLC) project, implemented by the USGS on behalf of a
number of federal agencies, is generating land cover data sets for the conterminous US. This data
set includes products from coarse and high spatial resolution satellite sensors. This project also
provides complete coverage of the United States with TM data.

(9) North American Landscape Characterization Project. Datasets from Landsat, SPOT, AVHRR
and other sensors with global and national coverage have created opportunities to exploit data in
ways not possible just three or four years ago. For example, the North American Landscape
Characterization (NALC) Project is acquiring and processing complete coverage of the continental
United States and Central America with | andsat MSS data at three naoints in fime from the 1970s to




the present.

(10) The Global Rainforest Mapping Project. The Global Rainforest Mapping project is being
developed jointly with NASDA, EU/ESA, and NASA/JPL to utilize JERS1 coverage of the tropical
forests. The project is acquiring complete coverage over the tropical belt, as well as several repeat
coverages to capture season effects. It has focused on data acquisition for mapping forest change
and flood area inundation in flooded forests. This mission is now being extended to cover the
boreal forests as well in collaboration with CSA.

(11) Radarsat. The Canadian Radarsat program has acquired complete global coverage in the
ScanSAR mode during its initial phase of operations. An associated PI research program was
initiated to demonstrate applications, including applications to forest are research. Research to date
has shown Radarsat to hold promise for mapping logging and deforestation in tropical and boreal
forests, and for monitoring macrophyte growth in tropical reservoirs and floodplains.

(12) Landsat - 7. Landsat - 7 has become part of NASA'’s Mission to Planet Earth, and will fly in
formation with EOS AM-1, enabling researchers to obtain low and high resolution images of the
same area on the same day. MODIS data will enable atmospheric corrections of Landsat data to
become operational for the first time in the program. The data price will be much lower than the
previous commercial price, and there will be no copyright restrictions. A data acquisition strategy
which incorporates data needs, local phenology, and local climate and weather, combined with an
on-board solid state data recorder capable of recording 200 scenes per orbit are expected to
provide global coverage which is more consistant and useful than in the past. These changes in
policy and strategy will make it much easier to achieve the GOFC objectives.

(13) Regional Activities. Regional Activities have been initiated in recent years which could be
coupled to the program outlined here for in-country work. Within the IGBP System for Analysis,
Research and Training (START) a number of regional activities focusing on the land cover change
guestion have begun. Most notable is the Southeast Asian regional activity which is directly linked
to the EPA Pathfinder project in that region, as well as the aforementioned IGBP LUCC and High
Resolution Data Exchange projects. START/Southeast Asia has initiated a Land Use and Cover
Change (LUCC) program in two components: (a) a complete region-wide analysis of deforestation
trends in the region, and (b) specific case studies established in four participating countries:
Thailand, Malaysia, Indonesia, and the Philippines. The case studies, conducted primarily by local
experts and scientists, provide a prototype example upon which to build in-country work. The
Thailand Country Study is already a component of the START/LUCC activities in Southeast Asia.

B. State of the Art

(1) Technical Progress. Considerable technical progress has been made during the past five years
in assembling large data sets from both high resolution and coarse resolution sensors, and in
extracting information from these data sets. Increasing computer capability to move, store, and
track massive amounts of data has been an essential enabling technology. Most of the coarse
resolution studies have used AVHRR data. Researchers have developed methods for geometrically
correcting the data and creating single-date mosaic images and multi-date composite images which
are relatively free of geometric errors and radiometric artifacts. The TREES project and the IGBP 1
km Land Cover Mapping Project have both produced land cover classifications of large fractions of
the world, while other efforts have produced land cover classifications at the national or continental
level. Validation efforts are now underway for all of these products.

The Landsat Pathfinder program has enabled several organizations to develop methods to collect
and assemble datasets of 30 m resolution data covering areas as large as the conterminous U.S.
and the Amazon Basin. This experience has also pointed up the difficulties in collecting and
correctina data from the existina | andsat data archive. and stimiilated imnrovements for | andsat-7.



The lack of accurate base maps to correct data of resolution below 100 m, coupled with the lack of
high resolution DEM threatens to limit the accuracy with which high resolution data can be
corrected and superimposed.

A significant number of researchers and operational users of both coarse and high spatial
resolution data appear to be converging on a common approach to digital classification of
multispectral/multitemporal optical data: numerical clustering of the data into a large number of data
clusters (typically 50 - 100), followed by merging and labeling the data clusters into desired
thematic classes. The merging -labeling step is carried out by interpreters who are knowledgable
about the land areas being studied, and seems to combine the best characteristics of digital and
visual classification at the current time. This process is still very laborious, and digital image
classification will be an important consideration for GOFC.

Research with L-band (JERS-1) and C-Band (ERS and Radarsat) SARs has build upon experience
gained with airborne SAR missions and the SIR-C/XSAR mission to provide confidence in the use
of SAR for GOFC. While the thematic content of single-band orbital SAR is not as great as that of
optical sensors, the ability to cover large areas in a preplanned, systematic manner was recognized
as a very important operational advantage at the Ottawa workshop. Techniques for systematic
geometric correction (except for terrain correction, where DEM data can be a problem) and
radiometric calibration of SAR data are becoming highly automated. The Global Rainforest
Mapping Project has gained considerable experience in assembling JERS-1 mosaics of large
areas, and the routine radiometric calibration of the data is so good that no further radiometric
processing of the mosaics is necessary.

(2) Institutional Progress. The IGBP and the Global Observing Systems have created well-
functioning international bodies to ensure ongoing dialog between the producers of Earth
observation data and the scientific community addressing the very difficult global issues facing
humanity. Most of the projects described in section IV A. have created temporary or permanent
inter-institutional linkages which have functioned well. The World Forest Watch, the FAO Forest
Resource Assessment, and the GAP Analysis Project have demonstrated different ways to extend
Earth observation technology to a multitude of users, particularly those involved in natural resource
management planning. However, at a higher national and international level, the link between the
information which can be obtained from Earth observation data and the formulation of policy has
not been as well established.

C. Gaps and Lessons
Some common lessons have been learned from the above-described projects.

(1) Data Acquisition, Access, Pre-processing and Management. A systematic global data
acquisition plan is necessary and requires the contribution of multiple ground receiving stations.
Data have to been processed in standard format and well-documented in the catalogs. A
comprehensive metadatabase including all the high spatial resolution sensors’ images would be an
important improvement for data access. Within the project, an automated information and archive
management is required.

(2) Product definition. Achievable products, not overly ambitious, must be defined. They must be
explicitly targeted to specific user requirements. Legend definition and analysis design require the
contribution of a large panel of experts near the very beginning of the project. It is essential to
document explicitly the forest classes and propose a correspondence between the sensor-based
classes and the ecological classes.

(3) Data analysis. Operational data analysis must be based on existing and proven methods rather
than relvina too miich on R&D_ NData analvsis methods can comhine visual internretation and diaital




classifications. For land cover change, a control mechanism is needed in order to check the
consistency between the multi-date analyses and avoid excessive error propagation. Change
information may be more reliably obtained by classifying two-date datasets than by comparing two
single-date classification. A multi-resolution approach will allow the Project to exploit the
complementarity between high and low resolution data: a sampling scheme of high resolution is
optimized using low resolution data as a stratification, while high resolution data can correct the
areas derived from low resolution data. Particular attention will be given to a validation schemes.
Products’ validation may be performed through comparison with immediate finer resolution data,
i.e. fine resolution products can validate low resolution products, field observations can validate fine
resolution products. National experts should contribute as soon as possible to the product
validation.

(4) Product distribution. Open access to final products and validation sets is a key point for the
success of the project. It can be achieved though WWW, CD-ROM or paper maps and reports.
Continuing user support will be needed.

V. Framework
A. Strategy

The Pilot Project is anticipated to have an overall lifetime of approximately five years, with initial test
products being available within the first three. It anticipates several categories of outputs: basic
scenes, specific time frame products, and change over time products.

(1) Raw data (Level 0) and corrected scenes (Level 1B). These represent composites of the basic
raw data for all sensors covering all forest land areas of the globe. Data products at this level would
enable users to undertake projects to contribute to preparation of global products identified in Table
3, as well as products that fulfill specific national and/or regional needs above and beyond those
identified in Table 3. This level of product preparation is viewed as an absolute minimum in terms of
project success.

(2) Specific Time Frame Products. This is the preparation of products of global forest cover and
characteristics identified in Table 3 for specific years or time periods. These data sets essentially
would represent the status of forest land cover and forest characteristics at specific points or
windows in time (ie T1990, T1995 or T1980-90 or T1990-95).

(3) Change Products. This is the preparation of global forest cover and characteristic products
identified in Table 4 that show the change in these parameters over time. (ie. T1995-T1990).

Most of the data acquisition issues follow directly from the primary project objective. Test products
from the design and prototype phases (see Section VIII) are anticipated to be largely regional, and
based on existing, available data sets. However, near the end of the prototype phase, the project
will begin the production of derived products from new acquisitions. Thus, global and regional data
sets are required from the present generation of spaceborne imaging optical and microwave
sensors and their near-term successors, in conjuction with concurrent in situ data. The CEOS
members will need to coordinate their respective strategies for the related future global-scale
satellite acquisitions in order to acquire such data systematically and effectively. Particular
organisational efforts may be required where an international network of ground receiving stations
is involved.

For efficiency, the acquisition strategy should exploit the complementary capabilities and
information content of ontical and microwave sensors to address snecific thematic issiies on



appropriate time scales:

Optical Sensors providing both high spatial and thematic resolution, based on well-established
methodologies, under suitable acquisition conditions.

Microwave Sensors providing all-weather acquisition capability, at high spatial resolution and
frequent revisit rates, but low thematic resolution, and utilising analysis methodologies which will
necessarily evolve throughout the project.

Validation plans will be formulated and implemented as feasible so that users of both raw data and
derived products will know their accuracy. Feedback will be solicited from users to refine derived
products in order to maximize their utility.

B. Simple Global and Detailed National Products

It is anticipated that the global information needs in most cases are less detailed or specific than
national or local needs. Hence, flexibility in data resolution and product specifications is both a
requirement and a benefit of this project. Preparation of products at three levels provides this
flexibility. Where specific user needs are more specific or detailed, the Level 1B data should allow
users to develop products at the level specific to their needs and requirements. At the same time
using a common agreed upon global format or classification should allow more detailed national
and regional information to be rolled up to meet the basic global requirement. Hence, the more
simple global needs can be met while at the same time providing the flexibility to meet more
detailed national and local needs and requirements.

C. Product Identification

(1) CEOS Level 0 and 1B Products. The Appendix presents the lowest level products,
characterized as level 0 and 1B CEOS products. These products are basically “raw” (level 0) data
or data to which calibration and geometric processing are applied (level 1B). They will not be
discussed further.

(2) CEOS Level 2 Products. Table 3 contains level 2 products that are obtained from level 1B data,
but are based on more complex processing techniques, like classification algorithms or functional
dependencies, and may require in situ or ancillary information to be developed. (Global Climate
Observing System, 1997.)

High Spatial Resolution Land Cover: These high spatial resolution derived products are
georeferenced data sets describing the predominant forest types that can be used as a baseline
inventory for long term evolution studies. The temporal coverage of this data will be less than that
of mid-low spatial resolution land cover products. The total global number of classes could reach 50
or more. They will include various wooded ecosystems : temperate and tropical forests, savanna,
and others. These products may be derived from various sensors.

Mid-Low spatial Resolution Land Cover: These mid to low spatial resolution derived products can
be updated more frequenty than the high spatial resolution land cover products due to the sensors
data acquisition cycles. The total global number of classes could reach 40 or more.

Fires: Fire is a primary force of vegetation change/renewal in some ecosystems. It is important to
monitor fires in the context of a forest monitoring program with respect to their role in global trace
gas emissions, land conversion, ecological disturbance regimes, and land management. Data
nrodiicts will consist of fire oceurrence and hiirned area nrovidina the location: timina. and areal



extent of burning.

Harvest, regeneration, and afforestation: It is important to distinguish between land cover change
due to clear cutting and selective logging. Harvesting, regeneration, and afforestation are some of
the most significant anthropogenic changes that occur in the forest. These often occurs in similar
locations from year to year.

Biomass: This product will largely depend on in-situ field measurements and other ancillary data.
Earth observation data cannot provide direct measurements of biomass, but may be used to extend
local estimates to larger areas, with varying degrees of confidence.

LAI, FPAR and PAR : NPP can be derived from these products.

Table 3: Level 2 Products

Product |Sensor Accuracy/ |Resolution(m) |Cycle Delivery |NOTE
Optimal/  |Optimal/ interval wait
(Mminimimm) [(minimiim)\ Ontimal/  |Ontimal/
Fine Optical 50 classes (10-30 (100 ? |3yr (10yr) |2yr (5yr) |Classes TBD
Scale  |high (20 classes) |or according to
Land  |spatial res 1:1.000.000) region MW
Coarse |Optical 40 classes |250-1000 (or |1yr(3yr) |Lyr(3yr) |ldem
Scale  |mid-low |(20classes) |1:5.000.000) May be used
Land  |spatial res asa
Fire Optical 2 classes’  [250-1000 1yr(lyr) |1 month Not an active
Scars  |mid-low @ clesse) (4000) (6 months) [fire
spatial res monitoring
Harvest |Optical 3classes® |10-30 (50) 3yr (10yr) (2yr(5yr) |needs
high (2 classes) ancillary
spatial res data and in-
Biomass |microwave |10%of 100 (1000) 10 yr 2yr (5yr) |requires
and insitu  |measured (20 yr) ancillary
and value data and in-




data and observations;
mid-low very difficult
spatial res product
LAl |optical gbzséllu)te 250 (2000) 10d (Imo) [10d (1od) PP IS
FPAR |low-mid 5% (10%) 250 (2000) 10d (Imo) |10d (10d) ?rom these
PAR |spatialres |70, oo (1000 (4000) 60 (A2h) ad @d) |0 erers

(3) CEOS Level 3 Products. Table 4 contains the proposed Level 3 products. Table 4 contains one
level 3 product at the present stage, which consists of a land cover change product that requires
multitemporal data and a more sophisticated classification scheme. We propose to limit the land
cover change measurements to regions at high risk of disturbance, because land-cover change
only affects part of the global forest. This stratification can be achieved by starting with coarse scale
indicators (fires, population, logging concessions, etc.). The land cover change measurements can
be based on sampling strategies or exhaustive mapping in sensitive regions.

Table 4: Level 3 products

Note: Classes for this product shall represent change. Sampling may apply. To be linked to low
resolution land cover and fires.

Processin Resolution gy(tzle Delivery

Product |Sensor level/ Accgrac (m) Opt (rr?in Optim

y (min req) req) (min req)

. . 10 classes (among
Land Optl_cal high Use-use, Use-Regr, i 1yr(5
Cover  |spatial res + 10-50 1yr (5yr)
. Regr-regr, For-Use) yr)

Change |Microwave (@)

(*) future mission
D. Data Bundles For Users.

The Pilot Project will also undertake to enhance the value of derived products for particular user
communities by providing them as part of a data bundle. These bundles are collections of data and
derived products which particular programs or users can use most effectively to fill a particular
need, thus cutting down on the provision of data that are non-essential to that need.

The example below shows how the data bundling might work to meet the requirements of the
Framework convention user community. A bundles is proposed for emission inventories, which
focuses on data for land-cover change and biomass burning. Multiple sensors are required to
produce these complete packages, and CEOS can therefore play an important role by providing
coordination and cooperation in acquiring and processing data from different sensors, platforms,
and programs.

Here we provide an example as it might be done for emission inventories, and carbon cycle
research. An Fmission Inventorv data hiindle is shown helow.



TARGETED CEOS DATA BUNDLE
BUNDLE NAME: Emission Inventory
USER: Framework Convention on Climate Change, IPCC, IGBP

Dataset Horiz. Res. Cycle |[Tmeliness /Accuracy Etc..
Lc1 - - | :
Lc2 | : : : :

Fires . . . . .
Biomass . . . | .

etc : \- | | :

Input Data Sources from Archive

Input Data Source/Sensor  |Sp. Resolution | Temp. Res. etc
Deforestation, decadal ~[Spot, TM, IRS ~ 10-50 m 5yr .
deforestation, annual ~|spot, TM, JERS [10-50 m 1yr L
Logging JERS, Radarsat  |10-30 m 5 yr L

Acquisition Strategy
Data Processing Bundle

This data bundle provides a package which includes the 5 data products necessary to make an
emission inventory as well as the bundle of requisite satellite sensors; it provides a framework for
plugging in datasets as objects, and provides a framework to define CEOS partners participation. It
also couples the acquisition strategy directly to the products and the user/science requirements.
Finally it couples a data processing bundle which include the algorithms, data distribution
mechanisms, formats, and information systems necessary to produce the data archive and the
products.

VI. Methodologies
A. Sensors

A preliminary list of sensors relevant for the project has been identified. The focus of the Pilot
Project is on those systems that are either currently in orbit, or are funded and in the development
cycle for launch within the next several years. There are clearly many other missions that might
become available within the next decade, but they are beyond the scope of the current Pilot
Project.

(1) Optical coarse resolution sensors (1km - 200m)

Exisiting: AVHRR,ATSR, Resource MSU-SK, WiFS



Near-term : AATSR, SPOT Vegetation, MODIS, GLI, MERIS, MISR,POLDER,SEAWIFS, CEBRS
WFI Camera

(2) Optical Fine resolution sensors (200m - 15m)

Existing :SPOT/HRV, IRS/LISS II, Landsat 5/TM, MOS/MESSR

Near-term: SPOT4/HRVIR,Landsat 7 ETM+, ASTER, ADEOS AVNIR, CEBRS CCD Camera,
Resource MSU-SK

(3) SARSs (fine-resolution 150 - 20 m)

Existing: ERS1,ERS-2,JERS-1,RADARSAT
Near term: ASAR,ALOS,SRTM, Lightsar?

(4) Hyper-resolution Optical sensors (0-1m)

A very limited set of data from these sensors could contribute to validation.
B. Data Access

The procedural aspects of data access deal with metadata formats and data browsing and query
systems on the one hand, and the delivery elements of timeliness, medium and means on the other
hand. The Pilot Project will investigate a unified system of metadata maintenance and integrated
mechanism of cataloguing, querying and ordering. Integrated systems may be ensured by remote
sensing data distribution and access networks such as EOSDIS and CEONet currently under
development. Although a unified system of metadata maintenance may be sufficient to provide the
first level of information on a data set, the availability of a quick-look facility at the browsing and
guery stage may be highly desirable to know the quality of the data before these can be ordered.

The delivery elements that need to be taken into consideration are the turn around times covering
the data ordering, data reception/archive retrieval, data processing and data transmission cycle.
Agreements on standardization of delivery medium are important in view of the variety of strategies
adopted at various output centres. The means of delivery are wide ranging, but need to be verified
for each of the mission participating in the project.

C. Data Pre-Processing and Management.

All data provided for the Pilot Project should be pre-processed in a standardized way in order to
maximize the amount of automation that is feasible.

Concerning the data management, the lessons learned with the CEOS initiative ‘High Resolution
Data for IGBP’ show that it is crucial that there be clear responsibilities and accountability for data
management and distribution within the Core Project. Tools will be required to compile the
metadata to make up a Global Forest metadata base. A tool for inventory tracking has to be
designed and implemented at this management level and probably also in each producing center.
The project archive could be distributed among the various producers and consulted through a
interoperable catalogue. A documentation system (web site, CD-ROM, etc.) will be created.

D. Analysis



The aim of the analysis is to produce global datasets of forest cover and attributes.This will involve

integration of data from a number of satellite instruments to provide global coverage at appropriate

resolution and timescales. A key issue to be addressed by this project is therefore harmonisation of
methods and results to ensure global consistency and comparability.

The outputs desired are anticipated to require two forms of analysis. The first is direct production of
a thematic classification of forested areas, while the second requires modelling of the data to derive
information on forest functioning.

(1) Thematic Classification. Methodologies for thematic classification of forest from coarse
resolution satellite information (eg TREES) and fine resolution (eg Landsat pathfinder) have been
an active research area for many years. Results from microwave seonsors have also demonstrated
distinguishing forest, inundated forest, and non/forest with high temporal coverage. The number of
classes envisaged and the useful spatial resolution implies that considerable analysis of fine
resolution satellite data will be employed. It is anticipated that data from a number of fine resolution
sensors will be required in order to obtain adequate cloud-free coverage. A key issue to be
resolved is how to combine the results of classifications resulting from different instruments,
particularly with respect to analysis of change detection. The coarse resolution instruments have
the capacity to provide information at higher temporal scale, giving more opportunity to use
phenology in class seperation, and to optimise the acquisition strategy for data processing. For the
production of thematic classes, ancilary data will be required in order to identify categories such as
dominant tree species.

(2) Derivation of information on function. The estimation of the net primary productivity (NPP)
requires a model of ecosystem function. Driving variables in addition to the classification
information are LAI, fPAR as well as ancillary data on downwelling PAR, temperature etc.
Information for forest functioning models is required at a much higher temporal resolution than the
classification (at timescales of one hour to ten days). Accordingly, while an accurate classification
of land cover is needed, these applications will mostly require coarse or moderate resolution data.
Currently, a number of models exist specified for different ecosystems, and there is not a
consensus on best methods to invert the necessary parameters from remote sensing observations.
It is recommended that accuracies from different platforms are made comparable, and that
assimilation techniques are developed similar to those routinely employed in meteorology. Further
ancillary data are required to both drive and validate model function, and to derive parameters such
as biomass.

E. Ancillary Data

Several types of ancillary data will be needed for the pilot project both for data pre-processing,
satellite data analysis and product validation. For example data processing of the coarse resolution
data will involve the use of coarse digital terrain data to provide first order atmospheric correction
and improved geolocation for coarse resolution data sets used in classification. The existing global
1km topographic data set will be adequate for meeting these needs. Similary a common land water
classification and mask will be needed for the coarse resolution data products. An enhanced land
water mask for use with coarse resolution systems, derived from a combination of microwave and
moderate resolution sensing systems available in the near-term would provide a desirable
improvement over the current data base derived from the best available map sources. The
development of a standard ‘community’ land water mask derived from multiple sensing systems
would be a useful CEOS contribution to this activity.

For the individual sensor products and the multi-resolution integration there will be the need for the
data products to be presented in a common geographic coordinate scheme. This will have to be
developed early in the project. For high resolution, the availability of a new high spatial resolution
satellite derived diaital terrain data towards the end of the nroiect will nrovide the nossihilitv of



improving high resolution analyses in areas of complex terrain.

The use of information from non-satellite sources will play an important role in the development and
evaluation of the satellite derived products. This information will be for example in the form of
existing maps, air photos, and field data. In some cases these data will be used as part of the
classification process to train the classifiers, in other cases they will be used to test the accuracy of
the thematic products. For example as part of the high resolution accuracy assessment, sample
geolocated field data will be needed. The development of the sampling strategy will need to be
developed as part of the design phase of the project.

In situ data on biomass is part of the product suite. In this context it is seen as a primary data
source rather than an ancillary set. The combination of satellite data and in-situ biomass data will
provide the necessary spatialisation needed for the biomass product.

F. Product Validation

Product validation will be critical part of the project, providing the user community with a level of
confidence concerning the results provided. It is important that the accuracy of the various products
be stated quantitatively and explicity. A set of procedures for validating coarse resolution global
land cover data sets is being piloted by the IGBP-DIS global land cover project. The procedures
include a rigorous statistical core sample supplemented by a series of confidence sites where
existing information are readily available. Regional scientists provide an important part of the
product validation. High resolution products are used to validate the coarse resolution products.

Validation of high resolution data products will be performed by a combination of hyper-resolution
data (3-5m) and precisely located field data collection. We expect that CEOS affiliates will play an
important role in product validation.

The relationship of the global products and associated validation activities of this project to the
GTOS/TOPC GHOST network of field sites and the relevant product validation activities of the
different space agencies need to be established early in the project. For example forest test sites
within the GHOST network could play an important role in the pilot project validation. The
relationship of this pilot project validation activity with respect to the on going CEOS
calibration/validation activities also need to be determined.

It is important that the validation data be packaged in a usable form and made available along with
the products and their associated accuracy statements. A mechanism should be established to
allow for users to provide feedback on product accuracy.

G. Product Distribution

Products should be distributed to user communities including scientists, policy makers and other
operational users as promptly as possible in different ways and through different media. In
particular, reporting to policy makers is of great importance. Several different scales and levels of
data should be provided such as global, continental, national, and if possible sub-national so that
policy makers can evaluate the state of the environment in their particular areas of interest, thus
making informed decisions possible. In some cases products will be distributed with appropriate
interpretation to policy makers so that they can understand the products in the context of the
information that they require.

The Internet is a very efficient way to distribute derived products and information about products
and data to users. However, other media will also be taken into account in order to satisfy users
without reliable access to electronic networks. Alternative media includes CD-ROMs or other digital
media. and naner nrints. mans. and renorts. Some 1i1sers will reatlire access to the actial



underlying satellite data. In most cases, network delivery of such data is difficult, and tape or other
media may be preferable. Table 5 illustrates several of the possible combinations of users and
types of distribution.

Table 5: Product Distribution

Scale Media

Global/ continental National Sub-national WWW Digital Paper
Users

Scientists X X X X X

Policy X X X X
makers

Operational X X X X X
users

VII. Implementation Issues
A. Management

(1) Oversight by CEOS. CEOS will provide programmatic and technical oversight to the Pilot
Project. This function includes evaluation of Pilot Project performance, and an evaluation of the
degree to which the Pilot has been successful in addressing the needs of targeted user
communities.

(2) Project Team. The Project Team will come initially from the CEOS members and affiliates, using
whatever national or programmatic mechanisms each institution has at its disposal. In addition,
early in the life of the Pilot Project, a concerted effort will be made to identify and incorporate team
members from national and international forestry and environmental organizations, so as to ensure
that there is broad representation from both providers and users of data. The first tasks of the
Project Team will be to form a Design Team to specify the technical details of implementation for
the first phase of the project.

B. Data Issues

(1) Satellite Data Access and Redistribution. The participants at the Ottawa workshop agreed that
GOFC will benefit from liberal data access policies, that is, data which are available at minimal cost
and with minimal restrictions on re-distribution. However, they recognized that satellite data policies
vary between CEOS members, and that members may insist that data made available for GOFC be
subject to their established data policies. All scientific members of the project require access to the
data for analysis and publication of results. The project team will also share satellite data for which
additional processing has been performed.

(2) Ancillary and In Situ Data. All data will be calibrated. Ground calibration data will be made
available within the project team. All products generated also require the inclusion of ancillary data
for analysis, such as topographic data. For some regions there will be available additional
geographic information layers. Each member of the project team will have full access to these
additional ancillary data sets. The project team will maintain a catalog of all data acquired, and its
distribution.




(3) Analytical Techniques. The products to be created from IGOS project activity should have clear
statements on their accuracies. The products should be unbiased estimations of forest properties.
The project team will fully document the analytical techniques used for each product. These
analytical techniques will likely vary from region to region, and consistency of results on a global
basis is an important goal of the project.

(4) Communication. The project team members will communicate electronically on a free basis. A
variety of methods for electronic communication with CEOS, the user communities, and the public
will be developed. In addition, there are expected to be many major publications in the open,
reviewed literature, and internal publications and reports for the CEOS members and affiliates
themselves.

(5) Public Communications. Given the high public interest in the state of the forests and
environment, it is essential that results of forest observation be widely communicated. Press
releases should be prepared for publications which are widely distributed, and to television and
radio networks. The high visual content of our public information is appealing to the public. The
project team should also create CD-ROMs with integrated data and products which can be
provided to the public and to educational institutions. The project team should give consideration to
the creation of videos about regional and global forest cover and changes in forest cover.

C. Additional Research Opportunities

The Pilot Project is not perceived as a primarily research-oriented exercise. It is an experiment in
operational capabilities. At the same time, it is clear that there are many research opportunities
which may benefit project planning and execution. Some of these are outlined below.

(1) Hyperspectral. Optical sensors with large numbers of channels will shortly be launched. Sample
data sets from space and airborne platforms will be available.

(2) Very High Spatial Resolution. Several commercial spacecraft are planned which will have
resolutions of the order of one meter. There are methods for recognizing individual trees from such
data. Such data can also be used to assess selective harvesting, partial cuts, and regeneration,
and provide information on site characteristics.

(3) Polarimetric and Interferometric SAR. An important advance in microwave sensors is the
creation of SARs with multiple frequencies and full polarization. Polarimetric SAR data sets and
interferometric SAR data sets are available for sample areas.

(4) Lidars. In addition to their contribution to atmospheric measurement, lidars can be used for
measuring tree heights and for creating DEMs. During the lifetime of the Pilot Project, sample lidar
data sets are planned to be available.

D. Recommendations from the FAO representative with respect to the workshop process and
resolutions.

Although the need for a global integrated (source) data set specifically designed for the observation
of forest resources is fully endorsable, in view of the potential benefits to all user groups and on-
going forest monitoring programs, the specifications of derived global products should be the result
of a wider consultation process that includes representatives of all user communities identified
under section Ill B of the Workshop Report. This is particularly important for the product based on
high resolution data which would provide crucial information on land cover/forest cover state and
change at national and sub-national level with consequent important strategic contribution to
national planning operations.



The initial phase of the proposed pilot project will include a mechanism of thorough user
consultation in order to define their priorities, propose suitable mechanisms of
participation/consultation and better define product specifications. Such consultation should

include, as a minimum, forest management/planning institutions’ representatives from major “forest”
countries (Russian Federation, U.S.A., Brazil, Indonesia, Democratic Republic of Congo [former
Zaire], etc.), and International Policy and Operational Institutions (FAO, UNEP, UNDP, World Bank,
etc.).

VIIl. Schedule of Activities
A. Overview

The Ottawa workshop in July 1997 has provided the first kick-off for the GOFC project. Participants
in the meeting represented a wide spectrum of international experiences with forest-related
programs. There were also representatives of several potential user communities. However, all
participants recognized that this was only a beginning. There are many strategic and technical
issues that remain to be worked out before the GOFC can be regarded as fully implemented.

B. Project Phases
There are three main phases that have been identified, with several follow-up activities.

(1) Design Phase (1 year). The first year of the GOFC, beginning with project approval, will be
devoted to a series of detailed design studies. These would include workshops on specific technical
issues, e.g. to analyze the acquisition strategies for existing and planned remote sensing missions.
Design studies might also include paper studies by selected study teams, or comprehensive
literature reviews, and specific methodological intercomparison studies, e.g. studies comparing
different classification methodologies using identical data sets. A specific need during the Design
Phase will be a broader outreach effort to potential user communities, and specific planning for an
eventual transition from the pilot phase to routine operational status for the GOFC. The ultimate
goal of the Design Phase is to produce a detailed implementation plan that incorporates all the
design issues. Deliverables will include a series of publications, project reports, and the data sets
from intercomparison studies.

(2) Prototype Phase (2 years). This phase can be regarded as the initial implementation phase.
This is the period during which the details of preprocessing, data handling, analytical procedures,
etc., which have been planned during the Design Phase, will actually be tested for their operational
practicality. Current experience shows clearly that design studies, while necessary, cannot
anticipate all the eventualities of having to cope with large data sets in a routine manner. The
Prototype Phase anticipates this difficulty, and provides the opportunity to work with large data sets
in a mode analogous to what will be necessary with new global acquisitions. During the Prototype
Phase, a series of regional pilot studies will be performed with existing data sets, which will be
expected to produce the first sets of products and product bundles identified in previously, but for
periods from the late 1980’s and early 1990’s. During the latter part of the Prototype Phase, new
data from remote sensing systems should begin to become available (e.g. the first few months of
MODIS data). These data could then be used to ensure that all the data handling systems for
GOFC are operational.

(3) Execution Phase (2 years). The Execution Phase builds on the experience gained through the
Prototype Phase. During this last phase of the GOFC, new data acquisitions are incorporated into
the GOFC analytical system, analyses performed by the project team, and new products generated
and distributed. The acquisitions for the Execution Phase will likely begin during the Prototype
Phase, because of the time necessary for processing and analysis. Products and product bundles
will he aenerated far the late 1990’s and earlv 2000’s_ Validation stiidies will also he heatin dirrina




the Execution Phase, although it is not clear that all of them can be completed during this time.
However, the conduct of validation studies will be part of the overall evaluation follow-up activities.
The full suite of evaluation activities will then prepare the stage for transition activities so that
GOFC can become part of routine operational scenarios.

IX. References (to be completed)

FAO, 1996. Forest Resources Assessment 1990: Survey of tropical forest cover andstudy of
change processes, FAO Forestry Paper 130, Food and Agriculture Organization of the United
Nations, Rome.

Global Climate Observing System, 1997. GTOS-GCOS plan for terrestrial climate-related
observations, Version 2.0, World Meteorological Organization, Geneva.

Guertin, F., 1997. CEOS-IGOS-SIT Meeting, Irvine, California, unpublished memorandum, Canada
Centre for Remote Sensing.

Loveland, 1992
Martini, P. R., 19??, Panamazonia Project to Monitor Tropical Forest in South America

Shaffer, L. R. 1996. “CEOS Holds Meeting on Integrated Global Observing Strategy”, CEOS
Newsletter No. 7, September, 1996.

Shaffer, L. R. 1997. “CEQOS and IGOS - The Way Forward”, CEOS Newsletter No. 8, February,
1997.

Appendix: Level 0 and Level 1B Products

Product |Sensor Processing |Resolution |Cycle |Delivery NOTES
level/ (m) (as Optimal |Optimal
Acciirarey [nrovided (min (min

Level 0 TM/SPOT/ |No 10-30 0.25yr |[1w(1

Optical IRS/CBERS |processing (3yr) m)

High *)

Level 1B | TM/SPOT/ |Radiom. 10-30 3yr(1030d (1 |Cycle

Optical IRS/CBERS |corr yr) yr) TBD in

High &) "System" acc. w

Level 1B |AVHRR Radiom 250-4000 (1d((2 |1d(1

Optical ATSR corr w) m)

Mid-Low |RESURS  |First order




SPOT
Vegetation
(*)
Cycle
ERS TBD inw
JERS Optical
RADARSA |Radiometric High -
Level 1B |T and 10-100 0.5 6m may be
Microwave |SRTM (*) |geometric yr(2yr) |(2yr) mosaicked
Light SAR |Calibration or tiled -
™ may be
ASAR (*) terrain
corrected

Optical High spatial Resolution: In order to generate and archive complete global coverage of the
world’s forests will require systematic acquisition of data year-round. Data acquisition strategies will
require coordination with microwave data acquisition plans to insure complete coverage. Data
access strategy and formats should be defined. Small swath widths and cloud coverage may pose
problems to acquire complete coverage within limited time.

Optical mid-low spatial Resolution: This dataset will contain areas covered by clouds. It is
envisaged that a low cost processing system could be put into place that could make radiometric
and first-order geometric corrections within a day. Large swath can assure global coverage
everyday.

Microwave: For the microwave level 1B data, we recommend that the data be 1) either seamlessly
mosaicked or tiled, and 2) be calibrated. Whether or not the data are mosaicked or tiled will depend
on the sensor and available resources for performing that task. If feasible, the data should be
terrain corrected for geometric and possibly radiometric distortions. Terrain correction will require a
DEM of sufficient resolution, accurate knowledge of the imaging geometry, and the processing
capability to perform the correction. Data that are not terrain corrected will be geometrically and
radiometrically distorted in regions of varying topography. SRTM, planned for launch in 1999, will
produce a map of the world’s topography between +57 and -57 degrees latitude that could be used
for this purpose. Observations should be coordinated with optical high res data acquisitions to
permit data fusion and synergy between these sensors. Since microwave sensors are not affected
by cloud cover, they will play an important role by filling in gaps in coverage by optical sensors.
However, current single-channel microwave sensors do not provide as much spatial detail and
thematic content as high resolution optical sensors.



